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The implementation of the European directive (ELD) 2000/60/EC has produced the development of sev-
eral biotic indices based in benthic communities. These indices try to summarise ecological quality status
of different communities. However, a universal index that works in all situations is difﬁcult to establish,
because there are several sources of variation. Therefore, there is the need for testing and validation of
these indices which is required for making management decisions on different scales, and in different
regions and communities. In this study we test one of these indices, BOPA index, developed by Dauvin
and Ruellet [Dauvin, J.C., Ruellet, T., 2007. Polychaete/amphipod ratio revisited. Marine Pollution Bulletin
55, 215–224] in ﬁve locations affected by sewage disposal. These disposals are often released via outfall
into shallow subtidal habitats, leading to a common source of pollution in coastal marine environments.
BOPA index provides a valuable overview of the gradient status of a benthic environment, discriminating
between stations more affected by discharge. Nevertheless, BOPA index, used to establish the ecological
quality status, seemed to overestimate the status and hence there is the need to calibrate the thresholds
between EcoQs classes as deﬁned for these medium-to-ﬁne sand communities, which are characteristics
of shallow sublittoral soft-bottoms of the north-western Mediterranean Sea.
 2008 Elsevier Ltd. All rights reserved.1. Introduction
Due to the increase in pressure on aquatic ecosystems which in
turn is a consequence of continuous population growth, the Euro-
pean Parliament on 23 October 2000 established a framework for
the Community to protect waters, the European directive (ELD)
2000/60/EC. One object of the directive 2000/60 is the protection
and improvement of the aquatic environment with the progressive
reduction of discharges and emissions. To comply, member states
have to ensure that the highest ecological and chemical status pos-
sible is achieved, given impacts that could not reasonably have
been avoided due to the nature of human activity or pollution.
A common source of pollution in coastal marine environments
is sewage discharges that are often released via outfall into shallow
subtidal habitats (McIntyre, 1995; Koop and Hutchins, 1996). This
source is regulated by the urban waste water treatment directive
(91/271/EEC), which established that there is a general need for
secondary treatment of urban waste water to prevent the environ-
ment being adversely affected by the disposal of insufﬁciently-
treated urban waste water. Member states will monitor and carry
out any other relevant studies to verify that the discharge or
disposal does not adversely affect the environment. Therefore,
identiﬁcation and characterisation of the locations affected byll rights reserved.
6; fax: +34 96 590 9840.
etero).
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ul.2008.10.017sewage discharge is necessary for efﬁcient urban waste water
management.
For the implementation of both directives it is necessary to have
new tools to assess the anthropogenic impacts on marine habitats
(Borja et al., 2003). This necessity has led to the development of
different indexes based on soft-bottom communities, which sum-
marise ecological status and ecological quality. The relationships
between macrofaunal assemblages and the effect of contaminants
on them have been described extensively in the literature, (Pearson
and Rosenberg, 1978; Gray and Mirza, 1979; Dauvin, 1982; War-
wick et al., 1990; Simboura et al., 1995; Estacio et al., 1997; Elling-
sen, 2002; Morrisey et al., 2003; Guerra-García and García-Gómez,
2004).
Several biotic indexes have been developed with the aim of
standardizing the use of benthic communities in order to establish
marine habitat quality. Some of these indices are based on the clas-
siﬁcation of species (or groups of species) in several ecological
groups representing speciﬁc sensitivity levels to disturbance. Two
of the most widely used developed indexes are AMBI (AZTI, Borja
et al., 2000) and BENTIX (Simboura and Zenetos, 2002). Both these
indexes require classiﬁcation to species level. However, this oper-
ation is labour intensive and time-consuming, especially for certain
difﬁcult groups such as spionid or cirratulid polychaetes, ampelis-
cid amphipods, etc. (De Biasi et al., 2003). Nevertheless there are
others, such as BOPA index, in which the taxonomic effort is re-
duced. After an initial proposal which had only considered the ratiog BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Fig. 1. Study area. Location of the ﬁve pipelines and the sampling stations.
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ARTICLE IN PRESSamphipod/opportunistic polychaetes (Gomez Gesteira and Dauvin,
2000), BOPA has since been created and applied to the soft-bottom
communities in the English Channel leading to the proposal of aTable 1
Characteristics of the sewage outfalls analysed: pipeline length, outfall depth and
sewage treatment.
Pipeline
length (m)
Outfall
depth (m)
Sewage treatment
Vinaroz (location I) 2489 15.81 Pre-treatment
Benicarló(location II) 2141 14.58 Pre-treatment
Peñíscola (location III) 2001 15.50 Pre-treatment
Alcossebre (location IV) 1886 14.00 Pre-treatment
Torreblanca (location V) 2175 14.00 Biological treatment
of activated sludge,
biological aerated ﬁlters
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Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017modiﬁed index (Dauvin and Ruellet, 2007). BOPA index is based
on ratio opportunistic polychaetes and amphipods (except the
genus Jassa). Opportunist polychaetes are resistant, indifferent or
favoured by organically enriched sedimentary matter, whereas
amphipods form a particular zoological group which is sensitive
to signiﬁcant increases in organic matter. The main advantages of
this index, as well as the reduced taxonomic knowledge, are its
independence of sampling protocols, its use of mesh sieves and
of the surface unit chosen to express abundances, since this uses
frequency data and the proportion of each category of organism
(Pinto et al., 2009).
This index has already been used for monitoring the impact of
pollution on different macrobenthic communities (Quintino et al.,
2006; Dauvin et al., 2007; Pranovi et al., 2007; Munari and Mistri,
2007, 2008; Aﬂi et al., 2008; Blanchet et al., 2008; Bouchet and
Sauriau, 2008). However, a biotic index is unlikely to be universallyg BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Table 2
Results of ANOVA for BOPA values in each location for the factors distance, year and
location. df, degrees of freedom, MS, medium squares, F of each factor = MS factor/MS
residual because all the factors are orthogonal.
Source BOPA
df MS F p
Location I
Distance 2 0.004 5.867 0.005**
Year 3 0.001 1.862 0.146ns
Distance  year 6 0.001 1.621 0.157ns
Error 60
Location II
Distance 2 0.032 31.509 0***
Year 3 0.002 1.952 0.131ns
Distance  year 6 0.001 0.956 0.463ns
Error 60 0.001
Location III
Distance 2 0.001 2.019 0.144ns
Year 3 0 1.077 0.368ns
Distance  year 6 0 0.516 0.793ns
Error 47 0
Location IV
Distance 2 0.003 11.763 0***
Year 3 0.006 20.015 0***
Distance  year 6 0.001 2.283 0.048*
Error 59 0
Location V
Distance 2 0 1.252 0.293ns
Year 3 0.007 22.833 0***
Distance  year 6 0.001 1.954 0.087ns
Error 60 0
ns, no signiﬁcant difference.
* Signiﬁcant at p < 0.05.
** Signiﬁcant at p < 0.01.
*** Signiﬁcant at p < 0.001.
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ARTICLE IN PRESSapplicable, because not all organisms are equally sensitive to all
types of anthropogenic disturbances and thus are likely to respond
differently to different types of perturbations (Pranovi et al., 2007;
Dauvin et al., 2007; Aﬂi et al., 2008). Indeed, the WFD recommends
the use of reference sites to assess temporal changes in the ecolog-
ical quality of water types under study, therefore these indices are
required to test for departure from a reference or control situation
(Quintino et al., 2006). It is interesting to assess the applicability, in
terms of discriminating capacity, of biotic indices for environments
in different state of conservation.
In this paper we apply BOPA index, with the criteria described
by Dauvin and Ruellet (2007), to locations affected by sewage dis-
posal by testing its ability to detect this impact and allowing us to
come up with a future calibration for Mediterranean medium-to-
ﬁne sand communities. These communities characterise shallow
sublittoral soft-bottoms in the north-western Mediterranean Sea
(Pérês and Picard, 1964; Sardá et al., 1996, 2000; Cardell et al.,
1999) and these communities are common off the coast of Castel-
lon (NE Spain). Several municipal treatment plants dump treated
water into this area with a constant depth and uniform benthic
community. Consequently, it is a site, with established pollution
gradients, which is ideal for investigating the links between macro-
faunal assemblages and the effect of contaminants.
2. Materials and methods
The study area is located off the Castellon Coast (NE Spain); ﬁve
locations affected by sewage outfalls along 40 km of coast were
analysed (Fig. 1). The minimum distance between outfalls is
7.62 km and the maximum 11.03 km. These outfalls correspond
to the villages of Vinaroz (location I), Benicarló (location II), Peñis-
cola (location III), Alcossebre (location IV) and Torreblanca (loca-Please cite this article in press as: de-la-Ossa-Carretero, J.A. et al., Testin
Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017tion V). The mean length of the pipelines is 2138 m and the
mean sewage outfall depth is 14.8 m (Table 1).
For each location, three distances from the discharge (0, 200 and
1000 m) were sampled, with two orientations (which correspond
to the orientation of coastline, north and south). Samples were col-
lected in July of 2004, 2005, 2006 and 2007, at approximately 15 m
deep. Four Van Veen grab samples (400 cm2) were obtained at each
station. Three samples were sieved through a 0.5 mm screen, and
preserved in 10% formalin to count total infaunal abundance; dif-
ferentiating abundance of amphipoda and abundance of oportunis-
tic polychaete. We used the list of opportunistic polychaetes given
in Gomez Gesteira and Dauvin (2000) according to Pearson and
Rosenberg (1978) and Glemarec and Hily (1981).
Using these data we calculated BOPA index for each replicate
BOPA ¼ log fpop
faþ 1þ 1
 
where fpop is opportunistic polychaete frequency and fa is amphi-
pod (excluding the opportunistic Jassa amphipods) frequency (Dau-
vin and Ruellet, 2007).
The other sample was used to characterise the sediment (organ-
ic content, pH and granulometric analysis). Grain size analysis was
then assessed by standard sieve fractionation (Folk, 1980; Holme
and McIntyre, 1984). Organic content of dry sediment was esti-
mated as the loss of weight after ashing. pH was analysed using
a CRISON 507 pH-meter with electrode pH 52.
Salinity, redox potential, dissolved O2 and pH of seawater was
also measured in the year 2006 using a multiparametric probe
Hydrolab H20.
Data of ﬂow and water quality of sewage disposal (suspended
solids, BOD (biologic oxygen demand), COD (chemical oxygen de-
mand), phosphates, nitrates and turbidity) were provided us by
CONSOMAR S.A and Entitat de Sanejament d´Aigues for the years
2004, 2005 and 2006.
BOPA values for each location were examined using two-factor
analyses of variance (ANOVA) with distance and year as ﬁxed fac-
tors; statistical software SYSTAT Version 8.0 was used.
Correlation between BOPA values and data of wastewater (ﬂow,
suspended solids, BOD, COD, phosphates, nitrates and turbidity),
abiotic factors for sediment (granulometric analysis, organic mat-
ter, pH) and seawater (pH, redox potential, temperature and salin-
ity) were determined using Pearson correlation, testing probability
of each correlation coefﬁcient with Bonferroni test.
The BOPA values were used to assign studied samples to the ﬁve
(ecological quality status) classes suggested by WFD: ‘‘high” for
unpolluted sites, ‘‘good” for slightly polluted sites, ‘‘moderate” for
moderately polluted sites, ‘‘poor” for heavily polluted sites and
‘‘bad” for extremely polluted or azoic sites. The boundaries used
between classes were ranked by Dauvin and Ruellet (2007).3. Results
The ANOVA results showed signiﬁcant differences in BOPA val-
ues between distances in locations I, II, III and IV; whereas there
are no differences in location V. Differences among years were de-
tected in locations IV and V (Table 2).
Firstly, the differences between distances were due to the in-
crease of BOPA index values for distance 0 m (Fig. 2). This hap-
pened in all the years in locations II and IV; in the years 2005,
2006 and 2007 in location III; and in year 2005 and 2006 in loca-
tion I. With regard to differences between years (Fig. 2), detected
signiﬁcant differences were due to a decrease of BOPA index values
during years 2005 and 2006, in locations IV and V.
Measurement of water quality showed better values in location
V, where values of ﬂow, turbidity, suspended solids, BOD, COD,g BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Fig. 2. Means and standard errors of BOPA values for each location (I, II, III, IV and V), each year (2004, 2005, 2006 and 2007) and each distance to outfall (0, 200 and 1000 m).
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other locations showed worse values from which location II
showed the highest ﬂow and in location IV the lowest. The values
of studied seawater and sediment factors are presented in Tables 4
and 5.
Pearson correlation coefﬁcient and Bonferroni probabilities re-
ported that there were signiﬁcant correlations between BOPA in-
dex and nine analysed factors. With regard to data of waste
water ﬂow, phosphates and conductivity showed signiﬁcant and
fairly strong positive correlations with BOPA index; suspended sol-
ids, BOD, COD and turbidity also showed signiﬁcant correlations
but Pearson coefﬁcients were lower (Table 6 and Fig. 3). Secondly,
pH of seawater showed a signiﬁcant and positive correlation
whereas potential redox showed a signiﬁcant and negative correla-
tion (Table 6 and Fig. 3); in both cases Pearson coefﬁcients were
low. Finally, percentage of coarsed sand of sediment showed a sig-
niﬁcant and positive weak correlation (Table 6 and Fig. 3).
Ecological quality status rating of studied samples, for the entire
data, showed segregation related to distance from outfall (Fig. 3).
There were no ‘‘poor” or ‘‘bad” status ratings. Of the total samplesTable 3
Means and standard errors of measurement of ﬂow and water quality disposal (suspended
nitrates, conductivity and turbidity) of sewage disposal of each location. Data from CONSO
Location pH Flow (m3/month) S.S. (mg/l) BOD (mg/l) CO
I 7.54 ± 0.032 226,799 ± 6917.01 262.47 ± 11.86 358.6 ± 13.86 6
II 7.58 ± 0.015 502,612 ± 1841.30 266.72 ± 14.53 209.72 ± 4.13 4
III 7.39 ± 0.045 286,126 ± 16,956.6 171.44 ± 29.39 112.72 ± 3.04 23
IV 7.45 ± 0.028 54,189 ± 925.30 228.92 ± 14.06 252.22 ± 11.51 44
V 7.56 ± 0.03 43,256 ± 765.43 9.92 ± 0.82 10.30 ± 0.14 3
Please cite this article in press as: de-la-Ossa-Carretero, J.A. et al., Testin
Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017closest to the outfall, 64.15% of samples were classiﬁed as ‘‘high”,
32.08% as ‘‘good” and 3.77% as ‘‘moderate”. With regard to samples
situated at 200 m to outfall, 90.0% of samples were classiﬁed as
‘‘high” and 10.0% as ‘‘good”. Finally, samples situated at 1000 m
to outfall 92.50% were classiﬁed as ‘‘high” and 7.5% as ‘‘good”. In
locations I, III, IV and V more than 65% of samples closest to the
outfall were classiﬁed as ‘‘high” status the rest of samples closest
to the outfall being classiﬁed as ‘‘good”. In location II, only
16.67% of samples closest to the outfall were classiﬁed as ‘‘moder-
ate” and 50% as ‘‘good” (Fig. 4).4. Discussion
BOPA index showed a response to the presence of pollution due
to sewage outfall. The highest values were obtained in stations
close to outfalls in all locations except the one with lowest sewage
ﬂow and best waste water treatment. Therefore BOPA values ap-
pear to represent an effective tool for monitoring sewage outfall
impacts.solids, BOD (biologic oxygen demand), COD (chemical oxygen demand), phosphates,
MAR S. A. and Entitat de Sanejament d´Aigües.
D (mg/l) P (mg/l) Ni (mg/l) Conductivity Turbidity (NTU)
24.1 ± 21.82 11.17 ± 0.44 55.57 ± 1.39 2608.83 ± 87.37 217.53 ± 5.55
79.2 ± 11.86 12.98 ± 0.31 30.87 ± 1.06 10538.6 ± 780.26 153.36 ± 6.24
6.64 ± 8.19 4.04 ± 0.39 16.7 ± 1.26 6786.67 ± 545.53 115.38 ± 17.66
8.52 ± 13.74 6.59 ± 0.09 41.56 ± 1.39 2382.4 ± 16.34 154.92 ± 10.85
4.83 ± 1.06 1.01 ± 0.04 10.20 ± 0.11 3050.14 ± 43.23 5.44 ± 0.41
g BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Table 4
Means and standard errors of seawater parameters (pH, temperature, salinity, dissolved O2 and potential error), in each location and distance from outfall.
pH Temperature (C) Salinity (‰) Dissolved O2 (%) Potential redox (mV)
Location I
0 m 8.24 ± 0.00 20.05 ± 0.01 38.39 ± 0.00 101.55 ± 0.02 52.00 ± 4.47
200 m 8.26 ± 0.01 20.08 ± 0.07 38.29 ± 0.04 104.05 ± 1.54 40.5 ± 12.75
1000 m 8.27 ± 0.00 20.11 ± 0.11 38.25 ± 0.02 104.15 ± 1.05 46.00 ± 7.11
Location II
0 m 8.4 ± 0.00 21.04 ± 0.01 38.35 ± 0.02 105.35 ± 1.54 14.5 ± 10.96
200 m 8.4 ± 0.01 20.89 ± 0.03 38.49 ± 0.04 100.75 ± 0.65 41.5 ± 2.91
1000 m 8.4 ± 0.02 21.02 ± 0.01 38.49 ± 0.04 99.25 ± 0.11 50.0 ± 2.68
Location III
0 m 8.27 ± 0.00 21.0 ± 0.00 38.1 ± 0.00 107.8 ± 0.00 15 ± 0.00
200 m 8.26 ± 0.00 20.9 ± 0.02 38.1 ± 0.02 102.8 ± 0.00 9.5 ± 7.82
1000 m 8.26 ± 0.00 20.7 ± 0.09 38.3 ± 0.02 99.2 ± 0.07 17.0 ± 20.12
Location IV
0 m 8.07 ± 0.00 21.72 ± 0.04 38.4 ± 0.02 109.4 ± 3.4 7 ± 8.04
200 m 8.06 ± 0.00 21.79 ± 0.02 38.4 ± 0.02 103.4 ± 0.25 67.5 ± 1.56
1000 m 8.06 ± 0.01 21.83 ± 0.32 38.4 ± 0.02 101.8 ± 1.07 75.5 ± 13.64
Location V
0 m 8.1 ± 0.00 22.3 ± 0.25 38.37 ± 0.00 108.4 ± 3.8 138 ± 0.44
200 m 8.07 ± 0.01 22.0 ± 0.26 38.42 ± 0.02 108.1 ± 1.6 135.5 ± 6.03
1000 m 8.14 ± 0.00 22.1 ± 0.71 38.62 ± 0.11 99.55 ± 0.20 144 ± 1.79
Table 5
Means and standard errors of sediment parameters (granulometry, organic matter percentage and pH) in each location and distance from outfall.
% Mud % Fine sand % Medium sand % Coarsed sand % Gravel % Organic matter pH
Location I
0 m 1.64 ± 0.32 75.63 ± 2.76 9.38 ± 2.44 8.75 ± 1.33 4.58 ± 0.73 5.39 ± 1.11 7.19 ± 0.05
200 m 2.68 ± 0.65 68.9 ± 5.57 12.9 ± 3.14 13.3 ± 4.38 2.17 ± 0.24 3.51 ± 0.38 7.30 ± 0.07
100 m 3.57 ± 0.94 73.94 ± 3.04 13.0 ± 3.29 6.928 ± 0.38 2.60 ± 0.36 4.09 ± 0.55 7.20 ± 0.07
Location II
0 m 1.64 ± 0.75 87.3 ± 1.1 4.18 ± 0.46 3.90 ± 0.38 2.93 ± 0.80 1.88 ± 0.28 7.21 ± 0.08
200 m 4.86 ± 2.40 74.4 ± 4.65 9.87 ± 3.46 5.21 ± 0.54 5.68 ± 0.74 2.64 ± 0.33 7.22 ± 0.08
1000 m 9.10 ± 4.74 72.35 ± 4.62 8.73 ± 2.40 5.58 ± 0.32 4.22 ± 0.39 2.05 ± 0.34 7.12 ± 0.08
Location III
0 1.64 ± 0.32 75.6 ± 2.76 9.38 ± 2.44 8.75 ± 1.33 4.58 ± 0.73 7.61 ± 2.31 7.44 ± 0.06
200 m 2.68 ± 0.65 68.9 ± 5.57 12.9 ± 3.14 13.3 ± 4.38 2.17 ± 0.24 2.57 ± 0.45 7.37 ± 0.04
1000 m 3.57 ± 0.94 73.9 ± 3.04 13.0 ± 3.29 6.928 ± 0.38 2.60 ± 0.36 3.04 ± 0.49 7.34 ± 0.04
Location IV
0 m 0.64 ± 0.15 77 ± 6.37 16.8 ± 6.43 3.26 ± 0.41 2.30 ± 0.53 1.59 ± 0.22 7.30 ± 0.07
200 m 0.56 ± 0.09 73.2 ± 4.11 17.1 ± 3.92 4.56 ± 0.56 4.56 ± 0.36 2.05 ± 0.21 7.26 ± 0.04
100 m 1.24 ± 0.15 80.8 ± 2.17 9.03 ± 2.14 3.54 ± 0.23 5.38 ± 0.42 1.70 ± 0.13 7.32 ± 0.07
Location V
0 m 1.19 ± 2.52 90.7 ± 0.92 3.72 ± 0.46 2.67 ± 0.42 1.72 ± 0.17 1.78 ± 0.24 7.26 ± 0.07
200 m 2.52 ± 0.58 89.7 ± 0.69 3.51 ± 0.35 2.48 ± 0.20 1.74 ± 0.24 1.73 ± 0.20 7.26 ± 0.06
1000 m 1.35 ± 1.01 89.4 ± 1.06 4.96 ± 0.85 2.7 ± 0.23 1.60 ± 0.15 1.48 ± 0.27 7.26 ± 0.04
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amphipods, which are a particularly sensitive zoological group,
not only to signiﬁcant increases in organic matter but also to in-
creases in other kinds of pollution including metals and hydrocar-
bons (Dauvin and Ruellet, 2007). The increased abundance of
amphipods as we move away from the discharge, suggests that
the environment was less stressed, since amphipods are more sen-
sitive to pollution (environmental stress) than other marine spe-
cies (Rand and Petrocelli, 1985; Arvai et al., 2002; Cesar et al.,
2004; Riba et al., 2004). On the other hand, polychaete group con-
tains both sensitive and tolerant species and they are found along
the whole gradient from pristine to heavily disturbed areas (Ols-
gard et al., 2003). Some species showed signiﬁcantly greater num-
bers of individuals at the sewage affected site while other species
densities showed no difference or in some cases even a decrease
(Dauer and Conner, 1980).The presence or absence of speciﬁc poly-
chaetes in marine sediments, therefore, provides an excellent indi-Please cite this article in press as: de-la-Ossa-Carretero, J.A. et al., Testin
Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017cation of the condition or health of the benthic environment
(Pocklington and Wells, 1992). Therefore the opportunistic poly-
chaete/amphipod ratio worked as an indicator when studying the
effects of sewage pollution.
Moreover, BOPA values showed signiﬁcant positive correlation
with waste water measurements: ﬂow, suspended solid, phos-
phates, BOD, COD, conductivity and turbidity. In the locations
where these factors are highest, the BOPA index increased near dis-
posal. In location V disposal BOPA values were the lowest and val-
ues of water quality of sewage disposal (suspended solids, BOD,
COD, phosphates, nitrates and turbidity) register the best values
of the ﬁve disposals. In this way, the urban waste water treatment
directive (91/271/EEC) established that there is a general need for
secondary treatment of urban waste water to prevent the environ-
ment from being adversely affected. Requirements for discharges
from urban waste water treatment plants which dump in sensitive
areas, set by directive 91/271, were accomplished by location Vg BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Table 6
Pearson correlation BOPA values with studied factors (BOD, biologic oxygen demand;
COD, chemical oxygen demand) and Bonferroni probabilities.
BOPA Pearson correlation Bonferroni probabilities
Water disposal
pH 0.019 0.868ns
Flow (m3/month) 0.58 0***
Suspended solids (mg/l) 0.372 0.001**
BOD (mg/l) 0.227 0.044*
COD (mg/l) 0.336 0.002**
Phosphates (mg/l) 0.491 0***
Nitrates (mg/l) 0.1 0.381ns
Conductivity 0.449 0***
Turbidity (NTU) 0.293 0.009**
Sea water
pH 0.319 0.003**
Temperature (C) 0.119 0.278
Salinity (‰) 0.049 0.655
O2 Dissolved (%) 0.096 0.383
Potential redox (mV) 0.244 0.025*
Sediment
% Mud 0.034 0.53ns
% Fine sand 0.017 0.752ns
% Medium sand 0.084 0.117ns
% Coarse sand 0.192 0***
% Gravel 0.096 0.075ns
% Organic matter 0.049 0.367ns
pH 0.031 0.621ns
ns, no signiﬁcant difference.
* Signiﬁcant at p < 0.05.
** Signiﬁcant at p < 0.01.
*** Signiﬁcant at p < 0.001.
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ARTICLE IN PRESSwaste water (phosphates <2 mg/l, nitrates <15 mg/l, BOD <25 mg/l
O2, COD <125 mg/l O2 and suspended solids <35 mg/l).
The issue of the assessments of the physicochemical status has
been addressed by several authors (Bald et al., 2005; Rodríguez
et al., 2006; Best et al., 2007; Simboura and Reizopoulou, 2008).
BOPA index could be related to physicochemical status; this rela-
tion was studied analysing Pearson correlation of BOPA values
with several seawater and sediment parameters which can vary
according to the sewage discharges. However, in our study, there
is only signiﬁcant correlation with low Pearson coefﬁcients for
potential redox and pH of analysed seawater parameters andFig. 3. Simple scatterplots. BOPA values are plotted against analysed factors which sho
demand), COD (chemical oxygen demand), suspended solids, phosphates, conductivi
parameters: % coarse sand.
Please cite this article in press as: de-la-Ossa-Carretero, J.A. et al., Testin
Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017coarse sand percentage in sediment parameters. A decrease of po-
tential redox and increase of pH produced an increase in BOPA
values, indicating a relation of BOPA index with chemical quality
of water especially with water oxygen saturation and possible hy-
poxia situation (Borja et al., 2006). Despite the fact that our study
area has homogeneous bottom sediment with only soft changes in
granulometry, coarse sand percentage showed signiﬁcant correla-
tion. This is due to the fact that sediment type deﬁnes habitats
and their faunistic assemblages, hence weak changes in grain
sizes of sediment could produce variations in the values of ben-
thic indices (Llanso et al., 2002; Dauvin et al., 2007) .Other more
changeable parameters, such as organic matter content, that
showed signiﬁcant correlations with BOPA assessing intertidal
mudﬂats constrained by oyster farming (Bouchet and Sauriau,
2008), did not show signiﬁcant correlation. However this would
not be the ﬁrst time that no correlation has been found between
organic matter content in the sediment and biotic indices (Dauvin
et al., 2007; Borja et al., 2000).
The principal aim of indices in directive WFD is to classify EcoQ
status. We classiﬁed the areas affected by sewage outfall using an
indicator developed by Dauvin and Ruellet (2007) for Atlantic com-
munities. The results indicated that most of the stations were clas-
siﬁed as having ‘‘good” status despite the presence of a disposal of
waste water, only pre-treated in four of ﬁve outfalls. Only in the
outfall with high ﬂow, were the impacted stations classiﬁed as
‘‘moderate” in 16.67% of samples. We could be overestimating
the ecological quality (EcoQ) of stations close to sewage outfalls,
by not differentiating sufﬁciently well the boundary between
‘‘good” and ‘‘moderate” status. In fact, the index has classiﬁed sew-
age impacted areas as ‘‘good” and this could be due to the fact that
the BOPA classiﬁcation, ranked by Dauvin and Ruellet (2007),
apportions a particularly wide range to the category ‘‘good”.
Indices seem to generally overestimate the EcoQ status under
different conditions. Bakalem et al. (2008) did not ﬁnd any area
with moderate status in a similar zone, applying BOPA index to
shallow Algeria ﬁne sand community, due to the high diversity of
amphipodos in this community. Munari and Mistri (2007, 2008),
classiﬁed the majority of stations in Tyrrhenian and Adriatic coast-
al lagoons as ‘‘good/high” using BOPA. They claim that amphipods
associated with the common presence of macroalgae in Adriaticwed signiﬁcant correlation. Water disposal measurements: BOD (biologic oxygen
ty, ﬂow and turbidity. Seawater parameters: pH and potential redox. Sediment
g BOPA index in sewage affectedsoft-bottom communities ..., Mar.
Fig. 4. EcoQ status for samples in each distance to outfall. White dots for 1000 m, grey dots for 200 m and black dots for 0 m. Rating was showed for total samples and for each
location.
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cal quality of the station through the BOPA model. Pranovi et al.
(2007) also found that BOPA showed low discrimination in the
Venice lagoon, classifying all the samples in the high category
and, in the same way, Blanchet et al. (2008) found the same prob-
lem, BOPA classiﬁed a large majority of stations of the French Coast
as acceptable (‘‘good” or ‘‘high” status). Aﬂi et al. (2008) also
showed that off the Tunisian coast BOPA index appeared to be
somewhat severe, classifying only two stations in moderate and
poor statuses. An opposite case is the so-called ‘paradox of estua-
rine quality´ (Dauvin et al., 2007), which established that transi-
tional estuarine waters are naturally organic rich environments
where stress-tolerant species are typical, so transitional environ-
ments would therefore likely be, by deﬁnition, characterised by
low scores and hence low EcoQ values. In Quintino et al. (2006),
several representative indices are shown unlikely to discriminate
between changes in community structure, although they are sufﬁ-
cient to detect large scale differences which can be attributed to
well-deﬁned stressors (Quintino et al., 2006; Rees et al., 1990). In-
deed the robust nature of the indicators on differing spatial spaces
and under differing benthic conditions has not been rigorously as-
sessed (Quintino et al., 2006). There is a need for understanding the
links between the effects of human activity and changes in popula-
tions (ICES, 2004; Munari and Mistri, 2008) for each community
and even area.
Another source of variability that it is necessary to keep in mind
is the differences existing among ecoregions. The Mediterranean is
a characteristic sea, being an oligotrophic, euhaline and microtidal
environment. In other classiﬁcation systems, such as chlorophyll
biomass concentration or, dissolved inorganic nitrogen, there are
different boundary limits and reference condition thresholds used
by different member states and/or ecoregions (Simboura and Reiz-Please cite this article in press as: de-la-Ossa-Carretero, J.A. et al., Testin
Pollut. Bull. (2008), doi:10.1016/j.marpolbul.2008.10.017opoulou, 2008). Simboura and Reizopoulou (2008) in the Helenic
area demonstrated that biotic indices perform differently on the
ecoregion scale (e.g., Mediterranean, Atlantic) and on the water
category scale (coastal, transitional waters).
A prerequisite for successful implementation of the European
water framework directive in European waters is the intercalibra-
tion of the methods and scaling in accordance and in biological rel-
evance to the normative deﬁnitions of WFD. The ecological quality
status has become a priority issue of the directive and should be
particularly tested on the upper and lower boundaries of the
‘‘good” class. Among these boundaries, the ‘‘good/moderate” one
is essential because ‘‘moderate” status sites should be restored to
‘‘good” by the year 2015 (Simboura and Reizopoulou, 2008). The
urgent need for assessing environmental quality within WFD using
biological indices could produce erroneous conclusions. A univer-
sal index that works in all coastal areas is difﬁcult to ﬁnd because
benthic communities vary widely.
For a correct assessment of a general ecological quality status of
marine environments as well as for the indication of reference con-
ditions, the natural variability of the indices on different temporal
and spatial scales has to be assessed and taken into account (Reiss
and Kröncke, 2005). So, it is necessary to use reference sites to as-
sess temporal and spatial changes in the ecological quality classiﬁ-
cation, as WFD recommends. The objective of setting reference
condition standards is to enable the assessment of the biological
quality, against an existing ‘pristine’/undisturbed site (or a site
with very minor disturbance) (Muxika et al., 2007). In our study
area, stations furthest from sewage outfalls could be considered
as suffering minimal, impact from human activities. Meanwhile,
a sampling station situated in location II outfall showed the highest
disturbed situation. The mean ± standard error of BOPA value ob-
tained in minor impact stations was 0.021 ± 0.002 whereas it wasg BOPA index in sewage affectedsoft-bottom communities ..., Mar.
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ARTICLE IN PRESS0.078 ± 0.011 in highest disturbed stations. Similar values were ob-
tained applying BOPA index in Algeria ﬁne sand community (Baka-
lem et al., 2008); where locations, a priori, considered less
impacted (Fetzara, Jijel, Bou Ismail) obtained a mean ± standard er-
ror of 0.016 ± 0.0025 and stations higher impacted (Alger-OH, Ar-
zew-gab1, Oran) obtained 0.0599 ± 0.0114. Based on these values
and considering disturbed station in moderate status (non-accept-
able situation) and unimpacted stations in good status (acceptable
situation); the value for the ‘‘good/moderate” class boundary in
BOPA index, essential boundary to calibrate, should be situated
lower than Dauvin and Ruellet (2007) and for this community, a
value around 0.05 ± 0.028 could be considered. The decrease in
the value of this boundary was also reported in Ruellet and Dauvin
(2007), doing an analysis of these threshold values with data from
the Seine estuary. However, a larger dataset, containing an equal
number of samples from each EcoQ, must be used to determine
the new thresholds during an intercalibration exercise (Ruellet
and Dauvin, 2007).
There is the need for testing and validation of these boundaries
and indicators in several similar areas, these being required to
establish a well-deﬁned boundary and facilitate making manage-
ment decisions at different scales and for each different region
and community. Such partitioning would need to be carried out
using big datasets containing all the ecological situations encoun-
tered in Europe and for each type of benthic community (Ruellet
and Dauvin, 2007). Further validation is required especially where
one indicator over-estimates the ecological status for poor areas
and underestimates it for good areas.
5. Conclusions
BOPA index may provide a good overview of the gradient status
of a benthic environment; nevertheless using it to establish the
true ecological status of a speciﬁc site is difﬁcult and requires cal-
ibrating the thresholds between EcoQs classes deﬁned for each
community and biogeographically area ﬁnding reference condi-
tions for each type of habitat. The difﬁculty related to the use of
BOPA index in environments subjected to stressors could be saved
reducing interference due to the environmental gradients which
varies seasonally and spatially, and probably smooth the stressors
effects. This could be made possible by choosing reference values
in similar areas without pollution. These practical limits of the
used ecological tool must be acknowledged in order to properly
evaluate and manage waste water disposal.
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